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? 1? ? ? 
  
1.1 ???????????? 
?????????Polycarbonate???PC???1953?? Bayer?? Schnell
?????????? [1]?? 1.1 ?????????????-OCOO-R-?
?????????????????????????????? A???
????1959?61????????????? Bayer???? General Electric
??Mobay?????????????????????????????
???????? [2]?????????? 400 ????????????
???????????? 
PC????????????????????????????????
??? 393K ???????????????????????????? 
[3]?????????? [4]? 
1? ????????????????????? 
2? ?????????????????????????????
?????????????? 
3? ?????????????????????????????
??????? 
4? ?????????????????????????????
?????????????? 
5? ??????????????UL?????????? 
????????????????????????PC????????
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OA ????????????????????????????????
?? 
????PC????????????????????????????
????????????????????????????? 1.2 ???
?????????????????????????????PC????
?? 1?2??????? 2?3????????????????????
??????????????????????????????????
???????????????PC??????????????????
??????Izod??????????????????????????
???? [5] [6]? 
???????????????????PC?????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
???????????????? [7]????????????????
??????????????????????????????????
??????????????????????????? 
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Fig. 1.1 The chemical structure of PC. 
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Fig. 1.2 Tensile strength and Young’s modulus of typical materials. 
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1.2 ????????????????????? 
?????????????????????????????????
??????????????????????????????????
????????????Glass Fiber??? GF??????????????
??????1942??????????????????????????
????????????????(GFRP?Glass Fiber Reinforced Plastics)?
??? [8]?????????????????????????????
???????????? FRP????????????????????
?????????? [9] [10] [11] 
FRP???????????????????????????????
??????????FRP??????????????????????
??????????????????????????????????
???????PC??????????????????????????
??????????????????????????????????
?????????????????????? lc???????????
??????????????????? Cox [12]????????????
Kelly? [13]???? FRP ???????????????????? lc?
?????????? τi???????????????????? 
 fmcff VllVK   121                           (1.1) 
i
f
c
d
l 

2
                                        (1.2) 
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????σf?σm?????????????Vf??????????K??
??????l???????lc?????????? 
??????????????????????????,???????
?????????????????????????????????
????????????????,??????????????????
??????????????????????????????????
??????????????(Si-OH)????????????????
?????????????????(Si-O-Si)?????????????
???????????? [14]? 
PC???????????????1960????????????? PC
?Glass Fiber Reinforced Polycarbonate ??? GFPC???????????
?????GF ???????????????????????????
????????????????????? [15]?????????GF
? PC ????????????????????????????? [16]
???????(Epoxy??? EP) [17]?????????????????
????????????????  
??????GF ?????????????????????????
??????????????????????????????????
????????????????????????????? 
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1.3 ?????????????????? 
???????????????????? Tg ???????????
?????????????????????????? [18]?????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????????? [19]??????????
????????????????????? [20]??????????
???????? [21]??????? 
PC????? 1960????????????????????????
????Acrylonitrile Butadiene Styrene??? ABS????????????
??????????? [22]?ABS? PC???????????ABS??
AS ??? PC ?????????? [23]??????????? [24] [25]
????????????????????????????????? 
[26]?????????????????????????PC??????
???????????????????????????????? [27]
??????????? 
?????????????????????????????????
???????????????????? 2?????????????
??????????????????????????????????
??????????????????????????????????
12 
 
??????????? PC???????????????????? 1.3
??????????(Si-O-Si)????????????????????
????????Polydimethylsiloxane??? PDMS??????? PDMS-PC
??PC???????????????????????????????
? Izod???????????????????????? [28] [29]???
??????????? 
?????????????????????????????????
??????????????????????????????????
??????????Izod??? Charpy????????????????
??????????????????????????????????
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
????????? [30]? 
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Fig. 1.3 The chemical structure of PDMS. 
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1.4????????? 
??????PC??????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????? 
????????????????????????? PC ??????
????????? A ??????? EP ????????????? GF
?? PC ??????????????????????????????
????????????????????????????????
PDMS?????? PDMS-PC?????? 
???????? 1????????? 2??? GFPC??????/??
????????????????????EP?????????????
???????/??????????????????????????
??? 
? 3???????????????????????????????
????????????????????PDMS ???????????
??????????????????????????? 
? 4???????????????????????????????
???????????????? 3 ????????????????-
?????????????????????????????????
??????????????????? 
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? 5???????????????????????????????
????????????????????PDMS-PC ?????????
GF????????????????????????????? 
???? 6????????????????????????. 
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? 2? PC?GF???????????????
??????? 
  
2.1 ?? 
 ???????????????????GFPC???????????
??????????????????????????????????
??????? OA?????????????????????????
?????????????????????????????? 3???
??????????????????????????????????
??????????????????????????????????
???????? 
a.??????????????????????? 
b.?????????????????????????????? 
c.?????????????????????? 
??? 3???????? 
?????????????????????????????????
???????? [31]????????????????????????
??????????????????????????????????
??????????????????????????????????
??c.??????????????????/?????????????
???????????????????????????????????
??????????????????????????????? GF ?
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???????????GF ?????????????????????
??????????????????????????????????
?????????? [16] [32] [33] [34] [35]??????????????
????????????????????????????? [36] [37]? 
?????GFPC??????/???????????????????
??????????????????????????????????
??????????/????????????????????????
?????????????? 
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2.2 ???? 
??????????????????????????? PC?????
??????????E??????????????? 13μm??? GF?
???????????? GF ? 30wt%????? GFPC ?????? 2.1
??? JIS1?????????????????????????????
???????????????????????GFPC ????????
??????????????????? EP? [17]??????????
??????? GFPC????? 2wt%???????? GFPC-EP?? 2??
?????? 2.2 ???????????? GFPC?GFPC-EP ??????
????Nikon? EPIPHTO 200?????????????????GFPC?
GFPC-EP ??????????? PC ???????????? GF ???
??????????????GFPC-EP ??????????? EP ???
??????????? PC????????????????? 
????????????????????????????? 
AUTOGRAPH AG-10TC????????? 2mm/min??????????
??????????????????????? EHF-EB100KN-20L??
?????? R=0?????????? 5Hz??????????????
???????????????????????????????
?KEYENCE ? VE-7800??? SEM?????????????????
??????????????????????????????????
?????? σmax=40?50?60?70MPa????? σa?20?25?30?35MPa?
19 
 
? 4??????????????????-??????????????
???????????????????????????????HiROX
?  KH-7700??????????????????????????
?KEYENCE? VE-7800??? SEM?????????? 
????????????????????GF ???? 0.1wt%????
????????? GFPC0.1wt%??GFPC-EP0.1wt%??????????
?????????????????GFPC-EP0.1wt%??????????
???? PC ?????GFPC-EP ???? GF ?????????????
???EP?? 0.01wt%????????????????????????
??????????????????????????????????
2.3 ????????????????????????????????
????????????????????????Nikon? SMZ1500??
??????????EP????? GF????????????????
????????? 2g??????? 200ml??????5hr??????
?????? GF ???????X ?????? (X-ray Photoelectron 
Spectroscopy??? XPS?ULVAC-PHI? Quantum2000)??????????
?? 
20 
 
  
Gate 
Unit:mm 
Fig. 2.1 Shape of specimen. 
Table 2.1 Material composition and Mechanical properties. 
material 
PC 
content 
wt% 
GF 
content 
wt% 
EP 
content 
wt% 
Stress at 
break 
σ
b
 MPa 
Stiffness 
E GPa 
Strain 
at break 
ε
b
 % 
PC 100 0 0 73 2.3 111 
GFPC 70 30 0 129 7.3 2.6 
GFPC-EP  68 30 2 144 7.6 2.8 
GFPC0.1wt%  99.9 0.1 0 62 2.4 66.2 
GFPC-EP0.1wt% 99.9 0.1 0.01 62 2.4 72.3 
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Fig. 2.2 Appearance of cross section of specimens. 
(a) GFPC 
(b) GFPC-EP 
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Fig. 2.3 Observation method of damage process. 
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2.3 ?????? 
2.3.1 ???? 
??????????????????? 2.1?????GFPC?GFPC-EP
???????????? 2.4 ????????? GFPC ????????
???????????? 40MPa???????????????????
????????130MPa ?????????????????/?????
???? GFPC-EP??????????????????????????
????????????? 80MPa??????????????????
?????????????????????? σb? 145MPa??????
???GFPC?????????/?????????????σb? 1???
????????????? 
??????????????????? 2.5 ????GFPC ?????
?????????????????????? PC ??????? GF ?
???????????? GF ????? PC ?????????????
????/??????????????????????????GFPC-EP
??????????? GF ?????????????????????
??????????????????????????GFPC ?????
????????????????????? 
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Fig. 2.4 Stress-Strain curves of GFPC and GFPC-EP 
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Fig. 2.5 SEM micrographs of fracture surfaces of tensile test. 
(b) GFPC-EP 
(a) GFPC 
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2.3.2 ????????????????? 
????????????????????????????
GFPC0.1wt%??GFPC-EP0.1wt%???????????????????
?????????? 2.6?2.7 ????GFPC0.1wt%????5%?????
???? GF??????????????6%?????????????
??????????????????????????????????
??????????????????????????????? 100μm
????????GFPC ?????????????? GF ???????
???????????????????????????? 8%????
??????????????????????? 2??????????
??? 
?? GFPC-EP0.1wt%????7%????????? GF????????
????????8%??????????????? GFPC0.1wt%????
??????????????????????????????????
??????????????????????????????????
???????????????????????????????????
???????GFPC-EP ??????????????????/????
?????????????????????????? GF ??????
???????????????? 
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Fig. 2.6 The damage process of tensile test of GFPC. 
(f) e =9% (g) e =10% (h) after 
break 
Fig. 2.7 The damage process of tensile test of GFPC-EP. 
(c) e =6% (a) e =0% (b) e =5% (d) e =7% (e) e =8% 
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2.4 ?????? 
2.4.1 ???? 
 GFPC?GFPC-EP ?????????????????????????
???? 2.8????GFPC???????/????????? GFPC-EP?
??????????????????????????????????
??????????????????????????????????
???????σmax=80MPa ????????? Nf? 1 ?????????
2.9????????σmax?70MPa)???????????????????
???????????????????????????? GFPC???
??????????????????????????????????
????????????GFPC-EP???GFPC????????????
????????????????????????????????SEM
????????????????? 2.10????GFPC????????
??????????????????????????????????
????????????????????????????/??????
??? GFPC-EP?????????????? GF???????????
??????????????????????????????????
???????????GFPC ????????????????????
?????GFPC-EP?? GF?????????????????????
?????????????????????????????? EP ??
?/?????????????????GF ??????????????
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???????????? 
???GFPC? GFPC-EP??????????????????????
????????????????????????????GFPC?? GF
????????????? GFPC-EP ????????????????
??????????????σmax?40MPa?? GFPC ?????????
?? 2.11????????????????? 2.9?b??????????
??????????????????????????????????
?????????????? GF ?????????GFPC ??????
GF/???????????????????????????????
?????????GFPC????????????????? 
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Fig. 2.8 S-N curves of fatigue test at stress rate R=0 and frequency f=5Hz. 
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?crack origin 
(b) GFPC-EP 
(a) GFPC 
Fig. 2.9 Microscope micrographs of fracture surfaces of fatigue test. (σmax = 70MPa). 
32 
 
(b) GFPC-EP 
(a) GFPC 
Fig. 2.10 SEM micrographs of fracture surfaces of fatigue test.(σmax=70MPa). 
crack origin 
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Fig. 2.11 SEM micrographs of GFPC fracture surfaces of fatigue 
test.(σmax=40MPa). 
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2.4.2 ????????????????? 
??????????????????????? GF ???????
GFPC0.1wt%??GFPC-EP0.1wt%????????? σa=10MPa??????
???????????????????????????? 2.12 ????
GFPC0.1wt%?????????????????? n/Nf=0.02??????
??????????????????????????????????
????????????????????????? 100μm??????
??????????????????????????????????
???????????????????????????????? 
GFPC-EP0.1wt%????n/Nf =0.02?????????GFPC0.1wt%???
????????????????????????????????n/Nf 
=0.8????????????????????????????????
????????????????????GF ????????????
??????????????????GF ??????????????
??????????????????GF ??????????????
?????????????????? GF ??????????????
?????????????????? 
?????????????????????????????????
??????????????????????????????????
?????????????????????? 
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Fig. 2.12 The damage process of fatigue test of GFPC and GFPC-EP. 
Load axis 100μm 
Debonding 
n/Nf = 0.0 
n/Nf = 0.8 
n/Nf = 0.02 
n/Nf = 0.5 
Debonding 
Debonding 
Debonding 
n/Nf = 0.0 
n/Nf = 0.5 
n/Nf = 0.02 
n/Nf = 0.8 
(a) GFPC (b) GFPC-EP 
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2.4.3 ???????????????? 
????????????????????????????????/
??????????????????????????????????
??????????/????????????????????????
??? GF???????????GF?????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
? 2.13?????????????????? 5%????? K0?????
?????GFPC-EP??? GFPC???????????????????
??????????????????????????????????
???????????????? GFPC???????????????
??????????????????????????????? 
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Fig. 2.13 Stiffness ratios of fatigue test at stress rate R=0 and frequency f=5Hz. 
(a) GFPC 
(b) GFPC-EP 
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2.5 GF??????? 
2.3 ?????? GFPC0.1wt%???? GFPC-EP0.1wt%????????
???????????? 2.14 ????GFPC0.1wt%??????????
?????????GFPC-EP0.1wt%??????????????????
???? GF?????????????????????EP??????
? /???????????????????????????
GFPC-EP0.1wt%?????????????? GF180??????????
???? l?????GF?????? σf=2940MPa???? d=13μm????
??????????? Lc??????????? τf?????? [38] 
c
f
f L
d
2
                             
(2.1) 
lLC 3
4                            (2.2) 
???????? 2.2???????GFPC0.1wt%???????????
?????Lc?????????????? GFPC? τf??? [39]???Lc
????????????????????????? GFPC ???τf ?
32.4MPa?Lc? 590μm????????GFPC-EP0.1wt%??? τf? 91.4MPa
?????????????, Lc? 223μm? 1/3????????????
??????????????GFPC-EP?????? GFPC???????
????????????????? 
?????????? EP???? 2wt%???????????????
?????????????????? Fig.2.2 ??????EP ?????
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??????????????GF??? EP??????????????
???????GFPC ? GFPC-EP ??????????????????
GF ???????XPS ????????????????? 2.15 ????
PC ???????? GF ???????????????????????
?????? GF ??????????????????????????
???????????GFPC-EP??????? GF??????????
??????????????????????????????????
???????????EP?????? GF??????????????
??????????????????????????????????
??EP? GF????????????????????????????
?????EP????????? PC???????????????? PC
??????????????????????????????????
???????????????????? 
????????GFPC ???? EP ??????????????/??
?????????????τf? 3 ??????????????????
????????????????????/??????????????
??????? σb??????????????????????????
???????? GFPC ?????????????????????
400μm????????/?????????? Lc=223μm????????
??????? GFPC??????????????????????? 
?????????????? τf??????????????????
40 
 
??????????????????????????????????
??????????????????????? σmax?????? 2.2 ?
??????? GFPC?? τf?????????GFPC-EP? τf??????
??????????????GFPC-EP ????????????/???
?????????????????GFPC-EP?????????????
? GFPC???????????????????????? 
41 
 
Fig. 2.14 Optical microscope micrographs of the fiber fracture state after tensile test. 
Fiber breaking 
(b) GFPC-EP 
(a) GFPC 
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Table 2.2 Critical fiber length and interfacial shear strength 
estimated by formulas (2.1) and (2.2). 
 
Critical fiber 
length 
Interfacial shear 
strength 
μm MPa 
GFPC* 590 32.4 
GFPC-EP Ave. 223 91.4 S.D. 54 25.6 
 
* Expected data from reference 
39. 
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Fig. 2.15 XPS spectra of GF soxhlet extracted from the pellet of GFPC 
and GFPC-EP. 
(b) Oxygen 1s 
(a) Carbon 1s 
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2.6 ?? 
GFPC??????/????????????????????????
?????????????????????????????????
???????????????? 
?1?????????????????????????????????
???????????????????????? 
?2?GFPC ?????EP ???????/???????????????
?????????? τf??????????? 
?3??????????????/???????????????????
??????????????????????????????
GFPC?????????? 
?4? EP? GF???????????????????????????? 
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? 3? PDMS????????????? 
  
3.1?? 
 ?1????????????????????? PC??????????
??????????????????????????????????
??????????????????????????????????
??????OA???????????????????????????
???????????????????????Izod?????????
??????????????????????????????????
??????????? [5] [6]????????????????????
??????????????????????????????????
??????????????????????????????????
????????? [40]???????????????????????
????????????????? ABS???????????????
?????????? [41] [42]?????????PC ?????????
??????????????????????????? PC ?????
?????????? 
??????????????PC??????????????????
????????????????????? PC???????????
????????????????????????? PC ???????
?????????????? PC ??????????????????
??????????????? PDMS??????? PDMS-PC ????
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PDMS ???????????????????????????????
?????????????? 150K??????????????????
PDMS-PC??PC???????????????????????????
????? Izod ???????????????????????? [28] 
[29]?????Izod??????????????????????????
??????????????????????????????????
??????????????????????????????????
?????? 
?????????????????????????????????
?????????????? [30]????????PDMS???????
???????????????????????????????  
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3.2 ???? 
??????PC ??? PDMS-PC?PDMS ??? 5wt?????????
?????????????? 553K????? 353K??????????
??????????????(????? IS150E)??????????
?????????????? JIS K 7161?7162????? 1A?????
??????? 115mm?????? 50mm/min ?????????????
?????????? 3.1???????*1?? 3.1???????????
? 3.2??? ρ=0.2mm??? 5mm????? 90?????????????
?????????????????????????? TS-4000????
??????????????????????????????????
??????????? 243?253?263?273?296K ? 5 ????????
100?350?3500?7000mm/s? 4????????????????????
??????????????????????? ρ=0.2mm???? 3500mm/s
?????????????????????????? Izod??????
??????????????????????????????????
??????????????????????????????????
???????????????????????(???????????
??? MEMRECAM GX-1)?????????????? 5000????/sec
??????? 
?????????????????????????????????
???KEYENCE? VE-7800??? SEM?????????????PDMS-PC
*1??????JIS K 7161 ?????????????????????????????
0.05~0.25%??????-???????????????? 
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???????????????? PDMS???????????????
???????????????????????????????JEOL
? JM-2100??? TEM??????????? 
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σ
y
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σ
b
 MPa 
Stiffness 
E GPa 
Nominal strain at break 
ε
b
 % 
(Gauge length=115mm) 
PC 62 73 2.3 111 
PDMS-PC 57 65 2.1 109 
 
Fig. 3.1 Stress-Strain curves at deformation rate 50mm/min(strain 
rate 0.007s-1) of PC and PDMS-PC implemented in 
accordance with JIS K 7161 and 7162. 
Table 3.1 Mechanical properties implemented in accordance with 
JIS K 7161 and 7162. 
Fig. 3.2 Shape of double-edge-notched specimen. Gauge length=50mm 
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3.3 ??????????????????????????
??? 
?????????????? Izod ????????????????
? 3500mm/s?????? ρ=0.2mm ??????????????????
????????????????? 3.3 ???????????????
??????????????????????????????????
?????????????????????????????????G. L. 
= 50mm???????????????????????????????
??????????????????????????????????
??????????? PC ???????? 296K ??????????
100MPa???? 5%?????????????????????????
?????????????????273K???????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????263K????????????????????????
296K????????????????????????????PDMS-PC
???296K ????????PC ???????? 5??????????
???????????? 90MPa???????????????????
????? PDMS ??PC ??????????????????????
???????????????????????????? 253K ???
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??????????????????????????????????
??????????? 243K ????????????????????
????????????????????  
???????????Izod ????????????????????
??????????????? 3.4??????????PC?? 296K?
? 273K????????????????????????????263K
????????????????296K?????? 25%????????
??????PDMS-PC???253K????????????????243K
????????????????? 296K????????? 80????
???????????????????????????????? 
??? 296K??? 243K??????????????????????
???????????????? 3.5??? 3.6????296K?????
??? ε=1.0????????????????????PC?PDMS-PC??
???????????????????????????????????
??????????????????????????PC???????
?? 45???????????????????????????PDMS-PC
??????????????PC???????????????????
???????????????????ε? 4.5????????????
???????????????????????????????????
243K?????PC?????????????????????ε? 2.1?
???????????????????????????????????
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??????PDMS-PC?? 296K???? ε? 1.0%???????????
???????????? ε ?????????????????????
??????????????????????????????????
?????????????????? 296K ?????????????
?? 
??? 296K ??? 243K ????????????????SEM ???
??????????? 3.7?3.8???????????????????
??????????????? 296K? PC??????????????
??????????????????????????????????
??????????????????????????????????
243K????????????????????????????????
????????????????????????????Izod????
?????????????????PDMS-PC ???296K ?? PC ???
??????????243K??????????????????????
??????????????????????????????????
??????????????????????????????????
???????????????PDMS-PC???????????? PDMS
???????????????TEM?????????????????
3.9 ????????????????????????????????
???????????????????????? PDMS???????
????? 10nm ??????????????????????????
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???????????????????????????PDMS ????
?????????????????????????? 
????????PC????????????????????????
?????????????????PDMS ??????????????
??????????????????????????????????
??????????????????????????????????
??? PDMS?????????????????????? 150K???
????????????????????????????????PDMS
???????????? PDMS-PC ?????????????????
?????????PDMS ????? 3wt%??????????????
??????????? 243K????? 3500mm/s???????????
????? 3.10????????????????????? PDMS???
????????????PDMS ???????????????????
????????????????????? 
????????????????????????? 100?7000mm/s?
??????????? 3.11??????????100mm/s???????
243K ?????????????????????7000mm/s ???? PC
? 273K ??????????????????????????????
?? 3500mm/s ? 273K ?? 100mm/s ?? 243K ????????7000mm/s
? 296K?????????????PDMS-PC?????????????
????????????263K?????????????????????
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?????????PC????????????????????????
?????????????????????? 
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(b) PDMS-PC 
Fig. 3.3 Stress-Strain curves at deformation rate 3500mm/s in 
various temperatures of PC and PDMS-PC. 
(a) PC 
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Fig. 3.4 Fracture energy at deformation rate 3500mm/s as a function 
of temperature by high-speed tensile test. 
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Fig. 3.5 Fracture process of high-speed tensile test of PC and PDMS-PC at 
deformation rate 3500mm/s in 296K. 
Fig. 3.6 Fracture process of high-speed tensile test of PC and PDMS-PC at 
deformation rate 3500mm/s in 243K. 
(b) PDMS-PC 
(b) PDMS-PC 
(a) PC 
(a) PC 
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Fig. 3.7 SEM micrographs of PC fracture surface at deformation rate 3500mm/s. 
(b) 243K(brittle fracture) 
(a) 296K(ductile fracture) 
Notch root 
Notch root 
craze 
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Fig. 3.8 SEM micrographs of PDMS-PC fracture surface at deformation rate 
3500mm/s. 
(b) 243K(ductile fracture) 
(a) 296K(ductile fracture) 
Notch root 
Notch root 
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Fig. 3.9 TEM micrographs of PDMS-PC in the cross-cut section at deformation rate 
3500mm/s. 
(b) After high-speed tensile test 
(a) Before high-speed tensile test 
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Fig. 3.10 Fracture energy at temperature 243K and deformation rate 3500mm/s as a 
function of PDMS content by high-speed tensile test. 
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Fig. 3.11 Fracture energy at deformation rate 100mm/s and 7000mm/s as a function 
of temperature by high-speed tensile test. 
(b) Deformation rate 7000mm/s 
(a) Deformation rate 100mm/s 
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3.4 ??????????????????????????
????? 
???????? 243K ???????? 100mm/s ?? 7000mm/s ???
??????????????????? 3.12?????? PC?????
??? 100mm/s?????????? 100MPa???? 5%????????
???????????????????350mm/s???????????
??????????????????????????????????
??????????????????????????????????
????????????????????3500mm/s??????????
???????100mm/s????????????????????????
?????? PDMS-PC???100mm/s?350mm/s????????PC??
?????? 5???????????????????????????
???????? 90MPa ??????????????????????
7000mm/s ???????? PDMS-PC ?? 4%?????????????
??PC ???????????????????????????? 243K
??????? 100mm/s ????????????????SEM ????
??????? 3.13???????3500mm/s?????????? 3.7?3.8
?(b)???????????? 100mm/s? PC?PDMS-PC????????
??????????????????????????????????
??????3500mm/s???????????PC???????PDMS-PC
??????????????????????PC ?? 243K?100mm/s?
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??????3500mm/s ???????????????????PDMS-PC
??????????????????????????????????
?????????????????????????????????
PDMS???????????????????? 
?????????????????????????????????
?????? 3.14 ??????????PC ?? 296K ????????
7000mm/s ?????????????????????????????
??????????????263K? 350mm/s?243K???? 100mm/s?
?????????????????????????????????/
????????????????????????????PDMS-PC ?
??243K??????????????????????????????
????????????????????????????????PC
?????????????????????????????????
????????????? 
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Fig. 3.12 Stress-Strain curves at temperature 243K in various deformation rate of PC 
and PDMS-PC. 
(b) PDMS-PC 
(a) PC 
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Fig. 3.13 SEM micrographs of PC and PDMS-PC fracture surface at the temperature 
243K and the deformation rate 100mm/s. 
(b) PDMS-PC (ductile fracture) 
(a) PC (ductile fracture) 
Notch root 
Notch root 
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Fig. 3.14 Fracture energy at the various temperatures as a function of deformation 
rate by high-speed tensile test. 
(a) Test temperature 296K (b) Test temperature 263K 
(c) Test temperature 243K 
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3.5  ?? 
??????????????????????????????????
PC ? PDMS ????????????????????????????
????????????????????? 
?1?PC???/????????????????????????????
??????????????????????????? 
?2?PDMS-PC?????????????? 7000mm/s??????? 243K
????????????????????????????????
??????????????????????????? 
?3?????????????????? PDMS ???????????
???????????????????? 
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? 4? ??????????????????
?????????????????? 
 
4.1 ?? 
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????? [43] [44] [45]??????????
??????????????????????????????????
????PC???? PDMS-PC??????? 3????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????? [46]?????
??????????????????? [47] [48] [49]?????????
? [50]???????????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????????????????????
70 
 
??? [51]?? 3??????????????????????????
???????????????-?????????????????? 
?????????????????????????????????
??????????-????????????????????????
??????????????????????????????????
???? u/t (u:???t:??)????????? ε̇????? l?? ε̇=u/tl?
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????? 
?????????????????????????????? [52]
???? [53]?????????????????? [54] [55]??????
? [55] [56]??????????????????????????? [57] 
[58] [59]??????????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
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??????????????????????????????????
??????????????????????????????????
?? MSC.Marc Mentat 2005 ?????????????????????
??????????????????????????????????
? α??????? β????????????????????? [60]? 
?????????????????????????????????
???????????????????????????-??????
?????????????????????????????????? 
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4.2 ?????????? 
 ?????????????????????????????????
?????????????????????????? E=2.3GPa????
??? ν=0.37????? 4.1?????????????????????
????? ρ=0.2mm?ρ=0.03mm?????? h=5mm????????? 90°
??????????????????ρ=0.2mm????????????
????????????????????????ρ=0.03mm ?????
??????????????????????????????????
?????????(?????????? 102?????????????)
??????????????????????????????????
? 4.2(a)?(c)?????? ρ=0.2mm???? 1?ρ=0.03mm???? 2????
???? 4.2(b)?(d)???? 1?2???????????????????
???????? e????? e=ρ/243????? 4.3??????????
?????????? 
? 4.3(a)????????????????(b)?????????????
????????????? 4.1 ???? 2 ??????????????
????? Kts ???????????????????????????
?????????????? [61]???????????????????
? 1????????????????????????????????
???????????????? 4.1 ???? 4.2 ??????????
????????????????????????? [61]???????
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???????????? 1%?????????? 4.2 ???? 1?2 ??
??????????????????????????????????
????????????????????? 1?10-6 ???? [62]???
? 3????????????????????? 
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Unit: mm 
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t=5 d=10 
Grip 
D=20 
Grip 
ρ=0.2?0.03 
Fig. 4.1 Geometry of specimen 
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(a) Model 1 
(c) Model 2 
ρ=0.2mm 
ρ=0.03mm 
(b) Notch root detail in Model 1 
(d) Notch root detail in Model 2 
Fig. 4.2 FEM model 
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(a)Grip tension (b)Simple tension 
Fig. 4.3 Boundary conditions 
 
Table 4.1 Static stress concentration factor Kts by FEM 
Notch 
(mm) 
tsK  in Fig. 
4.3(a) 
tsK  in Fig. 
4.3(b) 
Reference for 
Fig.4.3(b) (60) 
ρ=0.2,  h=5 6.14 6.15 6.12 
ρ=0.03, h=5 14.46 14.48 14.49 
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4.3 ?????? 
 ?4.3(a)???????????????? u(t)??? t????? 4.4?
???????????????? σgross????????????????
?????????????σgross (t)=0.867E?u(t)/l ????????? 4.4
??????????????? 5 ?????????? 4.2 ??????
??????????? u/t????? umax????? t?????????
??? u/t=5000mm/s?????????????????????????
?????? u/t=100mm/s?350mm/s?1000mm/s ????????????
??????????? umax=1.5mm ?????????????????
???????????????? umax=0.1mm ????????????
????????? 
 ?4.5???? 1?????????? σyA(t)??? t?????????
??????????????????????? 4.5 ?????????
??????????????????????????????????
??????????????????????????????????
?????????????? σmax??????????????????
?????????????????? σst??????? 4.5(a)~(e)???
?????????????????????????????????
??????????? 4.5(b)?? 4.5(c)????????????????
??????????????????? umax? 15 ??????????
??????????????????????????????????
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??????????????????(σmax-σst)????????? u/t??
???? 4.6????? 4.6?????? 1.5mm??????? u/t=105?106
?????????(???? u/t=∞)??????????????????
4.6 ????????????????? u/t?5000mm/s ????(σmax-σst)?
??????????????????????????????????
?? 5000mm/s ???????????????????????????
??????????????????????????????????
?????????????? u/t?105mm/s??????????????
?????????????????????????????????? 
???????? 
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 Case  ? ? ? ? ? 
C
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displacement umax 
0.1 mm 
t=0.00100s 
0.1 mm 
t=0.00029s 
1.5 mm 
t=0.00429s 
1.5 mm 
t=0.00150s 
1.5 mm 
t=0.00030s 
Tensile speed u/t 100 mm/s t<0.00100s 
350 mm/s 
t<0.00029s 
350 mm/s 
t<0.00429s 
1000 mm/s 
t<0.00150s 
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t<0.00030s 
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(b) Details of part A in Fig.4.4(a) 
Fig. 4.4 Loading conditions 
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Table 4.2 Displacement u at the fixed end 
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Fig. 4.5 Dynamic stress at notch root A for ρ=0.2mm 
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Fig. 4.6 Difference between the static and dynamic maximum stress concentration (σmax-σst ) 
vs. tensile speed 
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4.4 ?????????? 
??????????? ρ=0.2mm ?????????????????
?? 4.7 ??????????????????????????????
?? ε̇max??????????????????????????????
????????????????????? 0???(???? umax???
??)?????????? 0 ?????????? 4.7(b)?? 4.7(c)???
???????????????????????????????? umax
? 15??????????????????????? ε̇max???????
? ε̇const???????????????????????????????
?????????????????????????????????
ε̇yA(t)????????????????????????????????
??????????????? ρ=0.03mm????????? ρ=0.2mm?
????????????????????????????ρ=0.2mm??
?? ρ=0.03mm????????????? ε̇max? 2.33?????????
?????? ε̇max???????? ε̇const? 3.21????????? 4.8??
???? ρ=0.2mm?ρ=0.03mm ????????????????????
ε̇max?????????? ε̇const????? u/t????????? 4.8???
??? 1.5mm ??????? u/t?5000mm/s ?????????(????
u/t=∞)?????????????????? 4.8????????????
????????????????????????????????? u/t
?105mm/s???????????????????????????? 4.8
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????? 4.6???????? 
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Fig. 4.7 Strain rate at notch root A for ρ=0.2mm 
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A 
when  
when  
when  
when  
Fig. 4.8 Maximum strain rate and converged strain rate vs. tensile speed 
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4.5 ????????????????? 
4.5.1 ???????? 
?????? σyA(t)=σmax??????? t ??????????????
????? 4.9????????????????????????? 4.9(a)
?? 4.9(b)???????????????????????????? umax
??????????????????????????? 4.9(b)?? 4.9(c)
??????????????????????????????????
??????????? 
???? 4.6 ??????????? u/t ??????(σmax?σst)????
????????(σmax ?????????????????????? Ktd
? Ktd(t)=σyA(t)/σnom(t)??????? 4.9???ρ=0.2mm?? σyA(t)/σnom(t)=6.14
?????????????????? ρ=0.03mm ?????
σyA(t)/σnom(t)=14.48 ???????????? Ktd(t)???????????
??????????????????????????????????
??????????????? Ktd(t)?????????????????
???????????? 4.10(a) ??ρ=0.03mm?0.2mm ????????
?? σyA(t)??????????????? σnom(t)????????????
? 4.10(b)??????? t ???? Ktd????????????????
??????????????????????????????????
? Ktd(t)???????????????????????????????
σyA(t)?????????? σnom(t)???????????????????
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?? ρ=0.2mm???????????? Ktd(t)=6.14?? 1????????
? Kts=6.12 [61]????????????????ρ=0.03mm???????
????? Ktd(t)=14.48?? 4.1????????? Kts=14.49 [61]?????
??????????????????????????????????
??????????????????????????????????
?????????? Kts??????????????? 
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(a) Case 2 
max( 350 mm/s, 0.1mm)u t u   
 
(b) Case 3  
max( 350 mm/s, 1.5mm)u t u   
(c) Case 5  
max( 5000 mm/s, 1.5mm)u t u   
 
 
0
10
20
30
40
50
D
yn
am
ic
 st
re
ss
  y
(t)
 [M
Pa
]
 yA
(t)
=4
8.
98
 no
m
(t)
=7
.9
6
 
 
0
100
200
300
400
500
600
700
800
D
yn
am
ic
 st
re
ss
  y
(t)
 [M
Pa
]
 yA
(t)
=7
11
.9
4
 no
m
(t)
=1
15
.8
8
 
 
 
0
100
200
300
400
500
600
700
800
D
yn
am
ic
 st
re
ss
  y
(t)
 [M
Pa
]
 yA
(t)
=7
35
.3
5
 no
m
(t)
=1
19
.7
7
 
711.94 115.88 6.14tdK  48.98 7.96 6.15tdK   735.35 119.77 6.14tdK  
Fig. 4.9 Dynamic stress distribution along minimum section when the maximum 
dynamic stress appears for ρ=0.2mm 
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Fig. 4.10 Constancy of dynamic stress concentration factor. 
  
(a) Maximum dynamic stress and nominal 
dynamic stress. 
(b) Dynamic stress concentration factor. 
  nom t
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4.5.2 ????????? 
????????????? ε̇yA(t)= ε̇max??????? t???????
????????????? 4.11????? 4.11(a)?? 4.11(b)???????
???? umax????????? u/t??????????????????
? 4.11(b)?? 4.11(c)??????????? umax????????? u/t?
????????????????????? 4.4 ???????????
????????????????????????????? 
???????????? Ktε̇(t)? Ktε̇(t)=ε̇yA(t)/ε̇nom(t)?????????
4.11???ρ=0.2mm?? Ktε̇(t)=8.65??????????????????
ρ=0.03mm ????? Ktε̇(t)=20.8????????????? Ktε̇(t)????
??????????????????????????????????
????????????????????? Ktε̇(t)???????????
?????????????? 
? 4.12(a)??????? t ???? ρ=0.03mm?0.2mm ????????
??? ????????????? ????? 4.12(b)??????? t?
??? Ktε̇(t)????? 4.12(b)???Ktε̇(t)???????????????
??????????????????????????????????
???????????????????????? 
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(a) Case 2 
max( 350 mm/s, 0.1mm)u t u   
(b) Case 3 
max( 350 mm s , 1.5mm)u t u   
(c) Case 5 
max( 5000 mm s , 1.5mm)u t u   
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Fig. 4.11 Strain rate distribution along minimum section when the maximum 
strain rate appears for ρ=0.2 mm. 
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Fig. 4.12 Constancy of strain rate concentration factor. 
 
 when ρ=0.03mm 
 when ρ=0.2mm 
  
(a) Maximum strain rate and nominal strain rate 
St
ra
in
 ra
te
 
 when ρ=0.2mm 
 when ρ=0.03mm 



t
yA
no
m
K
t
t
t
e
e
e




(b) Strain rate concentration factor 
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4.6 ?????????????????????????
?? 
3 ????????????????????????????????
?????????=50mm?????????????? 4.13??????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????????
???????????? Ktε̇=8.72??????????????????
????????????????????????=50mm???????
?????????? Ktε̇??????????? 4.14 ?????????
??????????????????????????? Ktε̇??????
??????????? 4.14 ????296K ??????????????
?????????????1 ????????????????????
?????????????????????????????????
4.15???????????????aT????????????????
??-??????????PC ????????????????????
??????????????????????????????????
??????????????????????????????????
????????????????????????/??????????
??????????????????????????????????
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103/s ????????????????????????????????
PC????????? 103/s?????????????????????
??????????????????????????????????
??????????????????????????????????
??????????????????????????????PDMS-PC
?????????? 103/s ?????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????????????????????
??????????????????????????????????
?????aT???????????? 4.16??????????????
??????????????????????????????????
??????????????????????????????????
???? WLF? [63]?????????? 
 
02
01ln
TTC
TTC
aT 
                        (4.1) 
????C1? C2???????T0?????????T0=296K ????
??????????PC?? 0.71? 63.4?PDMS-PC?? 1.02? 107.9??
????????????????????????PDMS-PC ?????
????????????? PDMS-PC?????????? PC?????
?????????? 
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Fig. 4.13 Relationship between nominal fracture strain and nominal strain rate at 
various temperatures of PC and PDMS-PC by high-speed tensile test. 
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Fig. 4.14 Relationship between nominal fracture strain and notch root strain rate at 
various temperatures of PC and PDMS-PC by high-speed tensile test. 
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Fig. 4.15 Master curves of the nominal fractured Strain of PC and PDMS-PC by 
high-speed tensile test, referenced to 296K. 
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Fig. 4.16 Temperature dependence of time-temperature shift factor for nominal 
fracture strain of PC and PDMS-PC by high-speed tensile test. 
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4.7 ?? 
?????????????????????????????????
??????????????????????????????????
?????????????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????????-????????????
???????????? 
 
?1?????????? Ktε̇(t)?????????????????????
???????????????????  
?2????????? Ktd(t)?????????? Kts??????????
????????????????????????????????
??? 
?3??????????? ε̇????????(σmax?σst)?????????
?????????????(u/t?5000mm/s)???????????? 
?4?PC ??? PCMS-PC ??????????????????????
????????????????????????????????
???????????????????????????????
?????/??????????????? 
?5?????????????????-???????????????
??aT? WLF ????????PDMS-PC ? aT?? PC ? aT????
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?????????????????,??????????????
?????????????????????????? 
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? 5? PDMS???????????????? 
  
5.1 ?? 
???????????PC?????????????????????
??????????????????????????????????
???????????????????????????????????
????GF ????????????????????????????
???????PC??????????????????????????
??????????????????????? [64]?PC ??????
?????????????(polypropylene??? PP)?????????
GFPP ???????????????????????????????
?(styrene-ethylene-butylene-styrene :SEBS)???????????????
????? SEBS ??????????????????????????
??????????????????????????????? [65]
??????????????????????????????????
???????????? 
? 3???????????????????????????????
PDMS-PC ???????? PC ????????????????? Si-O
?????????????GF ???????????????????
?????????????(Si-O-Si)?????????GFPC???? Izod
??????????????????? [66]????????????
??????????????????????????????????
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?? 
?????????????????????????????????
?????????????????????PDMS-PC ????????
?????GF ???????????????????????????
???????????????????????????????? 2?
??????? GFPC??? GFPC-EP????????????????  
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5.2 ???? 
?????????????? PC?PC? EP? 2wt%???? PC-EP??
? PDMS ? 5wt%????? PC-PDMS ? 3 ??????????????
?????E??????????????? 13μm???????????
?? GF? 30wt%????? GF?? PC????????????????
???????????????(????? IS100EN)?????????
?? 553K????? 353K????????? 5.1(a)??? ρ=0.2mm???
5mm????? 90???????????????????? 5.1(b)???
JIS1?????????????????????????? 5.1???? 
???????????????????????????? TS-4000?
??????? 243?296K?????? 100?350?3500?7000mm/s? 4?
??????????????????? 
?????????????????????????????????
???? EHF-EB100KN-20L???????? R=0?????????? 5Hz
??????????????????????????????????
???????????????????????? σa?20?25?30?35MPa
????? σmax=40?50?60?70MPa?? 4???????????????
???-???????????????????????????????
???????????????HiROX? KH-7700???????????
????????????????KEYENCE ? VE-7800??? SEM??
???????? 
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?????????????????????????????????
PC ??? PDMS-PC ???????????????????????150
?150?2mm ????????? 5.1(c)?????????????????
??????R=0 ?????????? 3Hz ??????????????
???????? ΔK ? 2.0?0.6MPa?m1/2?? 0.1???????????
??????????????????????????????????
??????Nikon? SMZ1500????????????????????
?????????????????? [67]????ΔK ????????
??????????????a:?????W:?????σ:?????Kmax?
?????????Kmin????????????? 
  FaK                          (5.1) 
     2sec06.0025.01 42 F                (5.2) 
w
a                           (5.3) 
minmax KKK                          (5.4) 
????????????????????GF ???? 0.1wt%????
? 5.1(b)??????????????????????????????
??????????????????????????? 5.2 ?????
??????????????????????????????????
??????????????????????????? 
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material 
PC 
content 
wt% 
GF 
content 
wt% 
EP 
content 
wt% 
PDMS 
content 
wt% 
Stress at 
break 
σ
b
 MPa 
Stiffness 
E GPa 
Strain at 
break 
ε
b
 % 
Fatigue crack 
propagation rate, 
Fig. 5.11 ΔK=1 
m/cycle 
PC 100 0 0 0 73 2.3 111 3?10-8 
PDMS-PC 95 0 0 5 65 2.1 109 7?10-8 
GFPC 70 30 0 0 129 7.3 2.6 - 
GFPC-EP  68 30 2 0 144 7.6 2.8 - 
GFPDMS-PC 66.5 30 0 3.5 126 7.1 2.8 - 
Gate 
Unit:mm 
100
20
10
90?
t4
Gate
G. L. =50
Unit:mm 
30
150
40
60
t=2
1
6
R1.5
(c) Shape of specimen for fatigue crack propagation rate test. 
Table 1 Material composition and Mechanical properties. 
(1)  
(a) Shape of double-edge-notched 
specimen for impact test. 
(b) Shape of dumbbell specimen for tensile 
and fatigue test. 
Fig. 5.1 Shape of specimens 
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Fig. 5.2 Observation method of damage process. 
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5.3 ???????????? 
GFPDMS-PC ??????????????????? 2 ??????
GFPC?GFPC-EP???? 5.3????GFPDMS-PC????????? GFPC
??????????????????????????????????
????? εb? 1??????????????GFPC-EP????????
?????????????????????????????? PDMS?
???????????????????????????????????
PDMS????????????????????????????? 
? 5.4 ????? 296K ? 243K ????????????? GFPC?
GFPC-EP?GFPDMS-PC???????????????????????
????????3 ?????? PC ?????????????????
GF?????? 3?????? PC??????????????????
???????????GF??????????? 5.1?????????
??????????????????????????????????
????????????????GF ??????????????? 
GFPC-EP??? GFPDMS-PC? GFPC????????????? 1.5??
?????????????????????????????GFPC-EP?
????? 243K????? 3500mm/s?????????????????
???????????? GFPC ????????????GFPDMS-PC ?
??????????????????????????????????
3 ?????? PDMS ??????????????????? GF ???
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??????????????????????  
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Fig. 5.3 Stress-Strain curves of GFPC, GFPC-EP and GFPDMS-PC. 
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Fig. 5.4 Fracture energy at temperature 296K and 243K as a function of deformation 
rate by high-speed tensile test. 
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5.4 ??????? 
GFPDMS-PC ???????????????????????? 5.5 ?
??????????? 2?????? GFPC??? GFPC-EP??????
?????GFPC ?????GFPDMS-PC ???????????????
??????????? 5.1 ??????????????????GFPC
??? GFPC-PDMS?????????????????????????
????????????????? 
? 5.6? GFPDMS-PC?????σmax?70MPa?????????????
??????????????????????????????????
??GFPDMS-PC ??? 2 ????? GFPC ??????????????
??????????????????????????????SEM??
????????? 5.7 ????GFPDMS-PC ?????????????
? GF ???????????????????????????????
GF ????????????????????????????????
????? 2????? GFPC-EP?????????? GFPDMS-PC? GF
?????????????????????????????????
???????????????? PDMS ???????????????
??/?????????????????GF ?????????????
????????????? 
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Fig. 5.5 S-N curves of fatigue test at stress rate R=0 and frequency f=5Hz. 
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Fig. 5.6 Microscope micrographs of fracture surfaces of fatigue test. 
(σmax=70MPa). 
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Fig. 5.7 SEM micrographs of fracture surfaces of fatigue test.(σmax=70MPa). 
crack origin 
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5.5 ??????????????? 
5.5.1 GF??????????? 
GF ???? 0.1wt%??????????????? σa=10MPa ????
??????? GF????????????? 5.8????GFPDMS-PC?
??n/Nf=0.02???????? GF??????????????????
???n/Nf =0.8????????????????????????????
? 2????? GFPC-EP????????????? 
?????? GFPDMS-PC? GFPC-EP???GF???????????
???????????????????? GF ????????????
?????????????????/?????????????????
????GF0.1wt%?????????????????????? Lc ??
?????????????????????????? 5.9 ???? 
GFPC-PDMS ?????????????? GF ????????????
? GF?????????????????????????? l?????
?????? Lc??????????? τf????? [38]? 
c
f
f L
d
2
                             (5.5) 
lLC 3
4                            (5.6) 
????GF ?????? σf=2940MPa???? d=13μm ????????
??? 5.2???????????? 2?????? GFPC??? GFPC-EP
????????????????????GFPC-PDMS ? τf? 80.9MPa?
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Lc? 256μm???????GFPC-EP????????GFPC???????
?????????????????????????GFPC-EP ???
GFPDMS-PC ????????????????????????????
??????????????????  
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Fig.5.8 The damage process of fatigue test of GFPDMS-PC. 
Fiber breaking 
 
Load axis 
Fig.5.9 Optical microscope micrographs of the fiber fracture state after 
tensile test. 
Debonding 
Debonding 
Debonding 
Load axis 100μm 
n/Nf = 0.0 
n/Nf = 0.02 
n/Nf = 0.5 
n/Nf = 0.8 
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Critical fiber 
length 
Interfacial shear 
strength 
μm MPa 
GFPC* 590 32.4 
GFPC-EP Ave. 223 91.4 S.D. 54 25.6 
GFPC-PDMS 
Ave. 255 80.9 
S.D. 68 24.7 
Table 5.2 Critical fiber length and interfacial shear strength 
estimated by formulas (5.5) and (5.6). 
* Expected data from reference 
39. 
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5.5.2 GF????????????????? 
? 2?????????????????????????????/??
?????????????????????????????????/
???????????? GF ??????????????? GF ???
??????????????????????????????????
????????????????????? GFPDMS-PC???????
??????????????????????????????????
???????????????? 5.10????????????????
?? 5%?????K0???????? 2??????GFPC???GFPC-EP
? σmax?70MPa??????????????GFPC-PDMS? GFPC-EP??
??????????????????????????????????
??????????????????????????????? GF ?
??????????????????????????????????
????? GFPDMS-PC ??GF ???????????????????
????GFPC-EP ? GFPDMS-PC ?????σmax?70MPa????????
?????????? SEM ?????????? 5.11 ?????????
?????????????GFPC-EP??????? GF??? 100μm??
??????????????????GFPDMS-PC ??????? GF ?
?????????????????? 30?50μm ???????????
??????????????????????????????????
? PC ??? PDMS-PC ???????????????????? 5.12 ?
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????????????????PC?????? PDMS-PC??????
?????????????????????????????????? 
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Fig. 5.10 Stiffness ratios of fatigue test at stress rate R=0 and frequency f=5Hz. 
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(a) GFPC-EP 
(b) GFPDMS-PC 
Fig. 5.11 SEM wide area observation images of the fracture surfaces of fatigue test. 
(max=70MPa)  
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Fig. 5.12 Fatigue crack propagation rate of PC and PDMS-PC matrix as a 
function of stress intensity factor range.  
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5.6 ??????????? 
?????????????????????????????????
?????????????????????? 5.13?????????
????????????? N?????????N1 < N 2 < N3?????
??GFPC??????????????????>GF??????????
??????????????????????????????????
?? GF?????????????????? GF??????????
????????????GFPC-EP?????????GF????>???
??????????????????????????????????
??????????????????????????????????
????????????? GF???????????????????
?????????? GFPC??????????????GFPDMS-PC?
??????????GF????>??????????????????
??????????????????????????????????
PC????? 2??????????????????????? GF??
??????????????????????????????????
???????????????? GFPC?????????? 
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 N1 N2 N3 
GFPC 
   
GFPC-EP 
   
GFPC-PDMS 
   
GF
debonding
main crack
GF
crack
GF
crack
Fig. 5.13 Fatigue damage models at high stress amplitude of GFPC, GFPC-EP 
and GFPDMS-PC. 
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5.7  ?   ? 
?????????????????????????????????
???????????????????? PC ??????????
PDMS-PC?????????GF???????????????????
???? 2???????? GFPC??? GFPC-EP???????????
??????????????????? 
?1?GFPC-EP??? GFPDMS-PC? GFPC????????????? 1.5
????????????????????????? 
?2?GFPDMS-PC ?????? 243K ????? 3500mm/s ???????
??????????????????????? 
?3?????????/???????????????????????
????????????????????????????????
?????????????????????????  
?4?????????????GFPC??????GFPC-EP? GFPDMS-PC
??????????????????? GFPC-EP?GFPC?
GFPDMS-PC????????? 
?5?GFPDMS-PC ???????????? ?????????????
PC????????????GF?????????????????
?????? 
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? 6? ? ? 
  
PC????????????????????????????????
?????????????????????? OA??????????
??????????????????????????????????
??????????????????????????????????
???? 
??????????????????????????????????
PC???????????????A??????? EP????????
????? GF?? PC????????????????????????
????????????????? PDMS?????? PDMS-PC???
??????????????????????????????????
????? 
 
???????????????? 
? 2????GFPC??????/??????????????????
??????????????????????????????????
???????????????????? 
?1?????????????????????????????????
???????????????????????? 
?2?GFPC ?????EP ???????/???????????????
?????????? τf??????????? 
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?3??????????????/???????????????????
???????????????????????????????
GFPC???????????? 
?4? EP? GF???????????????????????????? 
 
? 3???????????????????????????????
??PC ? PDMS ??????????????????????????
?????????????????????? 
?1?PC???/????????????????????????????
??????????????????????????? 
?2?PDMS-PC?????????????? 7000mm/s??????? 243K
????????????????????????????????
??????????????????????????? 
?3?????????????????? PDMS ???????????
???????????????????? 
 
? 4???????????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????????????????????
???-???????????????????????????????
?????????????? 
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?1?????????? Ktε̇(t)?????????????????????
???????????????????  
?2????????? Ktd(t)?????????? Kts??????????
????????????????????????????????
??? 
?3??????????? ε̇????????(σmax?σst)?????????
?????????????(u/t?5000mm/s)???????????? 
?4?PC ??? PCMS-PC ??????????????????????
????????????????????????????????
????????????????????????????/???
???????????? 
?5?????????????????-???????????????
??aT? WLF ????????PDMS-PC ? aT?? PC ? aT????
?????????????????,??????????????
?????????????????????????? 
 
? 5 ???????????????????????????????
????????????????????? PC ??????????
PDMS-PC?????????GF???????????????????
???? 2???????? GFPC??? GFPC-EP???????????
?????????????????? 
?1?GFPC-EP??? GFPDMS-PC? GFPC????????????? 1.5
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????????????????????????? 
?2?GFPDMS-PC ?????? 243K ????? 3500mm/s ???????
??????????????????????? 
?3?????????/???????????????????????
????????????????????????????????
?????????????????????????  
?4?????????????GFPC??????GFPC-EP? GFPDMS-PC
??????????????????? GFPC-EP?GFPC?
GFPDMS-PC????????? 
?5?GFPDMS-PC ???????????? ?????????????
PC????????????GF?????????????????
?????? 
 
???????PC?????????????????????????
??????????????????????????????????
??????????????????????????????????
?????????????????????????????????
??/????????????????????????????????
??????????????????????????????????
??????? 
 
  
131 
 
???? 
1. H. Schnell, Angew. Chem., Vol. 68, pp. 633, 1956. [S.l.]. 
2. ????, "????????????????", ???????, 1992.  
3. ???, "?????????", ?????????????, Vol. 7, No.2, 
pp.186-193, 2004.  
4. ???? , "????????????", ???? , Vol. 44, No. 5, pp. 
227-235, 1991. 
5. F. C. Chang, J. S. Wu and L. H. Chu, "Fracture and impact properties of 
polycarbonates and MBS elastomer-modified polycarbonates", J. Appl. Polym. 
Sci., Vol. 44, No. 3, pp. 491–504, 1992. 
6. ????, ????, Vol. 7, No. 6, pp. 366-370, 1995.  
7. ????, "???? (I)", ??, Vol. 24, No. 267, pp. 1153-1157, 1975. 
8. ????, "FRP??????", ?????????, Vol. 1, No. 1, pp. 20-24, 
1975. 
9. ????, "??????????????????", ????????
?, Vol. 20, No. 1, pp. 5-11, 1994. 
10. ????, "?????????????????", ?????????, 
Vol. 20, No. 1, pp. 12-18, 1994. 
11. ???, "??????????????????", ?????????, 
Vol. 20, No. 1, pp. 19-26, 1994.  
12. H.L. Cox, "The elasticity and strength of paper and other fibrous materials", Br. J. 
Appl. Phys., Vol. 3, pp. 72-79, 1952. 
13. A. Kelly and W. R. Tyson, "Tensile Properties of Fiber-Reinforced Metals: 
Copper/Tungsten and Copper/Molybdenum", J. Mech. Phys. Solids, Vol. 13, pp. 
329-350, 1965. 
14. ?????, ????, "FRP???????????????", ??, Vol. 
45, No. 12, pp. 1307-1315, 1996.  
132 
 
15. ????, "??????????????????????????", ?
???????, Vol. 18, No. 21, pp. 10-19, 1989.  
16. ???, ???, ???, "GF?? PC????????????????", 
?????????????, Vol. 2004, pp. O.19.1-O.19.2, 2004.  
17. ????????, ?? 2009-292953, 2009. 
18. ????, "?????????????", ???????, Vol. 41, No. 10, 
pp. 93-100, 1990.  
19. B. C. Buckwell and R. R. Smith, Polymer., Vol. 6, pp. 437, 1965. [S.l.]. 
20. ????, "??????????????????????", ?????
??, Vol. 62, No. 9, pp. 576-585, 1989. 
21. ????, "??????", ????, Vol. 53, No. 4, pp. 350-356, 1984.  
22. Borg Warner Co., Ltd., ??? 38-15225, 1963.  
23. J. J. Herpeles and L. Mascia, "Effects of styrene-acrylonitrile/butadiene ratio on 
the toughness of polycarbonate/ABS blends", Eur. Polym. J., Vol. 26, No. 9, pp. 
997-1003, 1990.  
24. R. Greco and A. Sorrentino, "Polycarbonate/ABS blends: A literature review", 
Advanced polym. Tech., Vol. 13, No. 4, pp. 249-258, 1994.  
25. ?????, ????, ????, ????, "PC/ABS ?????????
???", ??, Vol. 47, No. 8, pp. 836-840, 1998.  
26. ????, "?????????????", ?????, 1992.  
27. R. D. Deanin and C. W. Chu, "Polyblends of Polycarbonate with ABS", J. 
Elastomers Plast., Vol. 18, No. 1, pp. 42-49. 1986.  
28. ???? , ???? , "PDMS-PC ????????", ???? , Vol. 53, 
No.1 , pp. 23-28, 2010.  
29. ????, "????????????????????????????
133 
 
", ?????????, Vol. 56, No. 10, pp. 46-49, 2010.  
30. ????, "????????????", ???????????, Vol. 20, 
No. 3, pp. 118-124, 2008.  
31. ????, ?? ??, ?? ?, M. T. Takemori, "????????????
????????????????? ", ?? , Vol. 43, No. 492, pp. 
1094-1099, 1994.  
32. ???, ????, "????????????????????????
??????", ?????????????, Vol. 1997, pp. 417-424, 1997.  
33. ???, ????, ????, ???, ????, "???????????
??????????????????????", ?????, vol. 57, 
No. 11, pp. 306-310, 2001.  
34. J. L. Thomason and G. E. Schoolenberg, "An investigation of glass 
fibre/polypropylene interface strength and its effect on composite properties.", 
Composites, Vol. 25, No. 3, pp. 197-203, 1994. 
35. E. Feresenbet, D. Raghavan, and G. A. Holmes, "The Influence of Silane 
Coupling Agent Composition on the Surface Characterization of Fiber and on 
Fiber-Matrix Interfacial Shear Strength", J. Adhes., Vol.79, No.7, pp. 643-665, 
2003.  
36. B. Z. Jang and Y. K. Lieu, "Fracture behavior of short fiber reinforced 
thermoplastics. I. Crack propagation mode and fracture toughness", J. Appl. 
Polym. Sci., Vol. 30, No. 9, pp. 3925-3942, 1985.  
37. ????, ???, ???, ?????, "???????????????
???????????", ??, vol. 43, No. 495, pp. 1525-1531, 1994.  
38. T. Ohsawa, A. Nakayama, M. Miwa and A. Hasegawa, "Temperature Dependence 
of Critical Fiber Length for Glass Fiber-Reinforced Thermosetting Resins", J. 
Appl. Polym. Sci., vol. 22, No. 11, pp. 3202-3212, 1978.  
39. ????, ????, "???????????????????????
????", FRP CON-EX?????, 43rd, pp. 104-105, 1999. 
134 
 
40. M. Ishikawa, H. Ogawa and I. Narisawa, "Brittle Fracture in Glassy Polymers", J. 
Macromol. Sci. (B) Phys., Vol. 19, No. 3, pp. 421-443, 1982..  
41. B. S. Lombardo, H. Keskkula and D. R. Pau, "Influence of ABS type on 
morphology and mechanical properties of PC/ABS blends", J. Applied Polym. 
Sci., Vol. 54, No. 11, pp. 1697–1720, 1994. 
42. Husaini, Kishimoto K., Notomi M., Shibuya T., "Fracture behaviour of PC/ABS 
resin under mixed-mode loading", Fatigue & Fracture of Engineering Materials & 
Structures, Vol.24, No.12, pp.895-903, 2001.  
43. J. Radin and W. Goldsmith, "Normal missile penetration and perforation of 
layered plates", International Journal of Impact Engineering?Vol. 7?pp. 229-259, 
1988. 
44. ???, ?????, "???????????????????????
", ?????, Vol. 36?No. 413, pp. 665-670, 1995.  
45. ????, "???????????????(4)", ???????, Vol. 55, 
No. 1, pp. 174-182, 2004.  
46. R. D. Andrews, N. Hoffman-Bag and A.V. Tobolsky, "Elastoviscous properties of 
polyisobutylene. I. Relaxation of stress in whole polymer of different molecular 
weights at elevated temperatures", J. Polym. Sci., Vol. 3, pp.669-692, 1948. 
47. ????, "CFRP??? CF/GF?? FRP???????????????-
????????", ??, Vol.43, No.487, pp. 441-444, 1994.  
48. ?? ?, ?? ??, ?? ??, ?? ?, "??? CFRP????????
???,?????????????????????????", ???
??????, Vol. 24, No. 4 , pp. 130-136, 1998. 
49. J. L. Sullivan, "Use of Plastics and Plastic Composites:Materials and Mechanisms 
Issues", ASME, 1993. 
50. ????, ???, "PC?ABS????????????????????
???????????", ??, Vol. 46, No. 1, pp. 89-95, 1997.  
51. ????, ?????, "???????????????", ?????, 
135 
 
Vol. 51, No. 6, pp. 251-255, 2002.  
52. (????, ???, "?????????????????????", ?
?, Vol. 21, No. 226, pp. 636-640, 1972. 
53. W. Altenhof, N. Zamani, W. North and B. Arnold, "Dynamic Stress 
Concentrations for an Axially Loaded Strut at Discontinuities Due to an Elliptical 
Hole or Double Circular Notches", International Journal of Impact Engineering, 
Vol.30, No.3, pp. 2004..  
54. ????, ????, "???????????????????????
??????", ?????????????, Vol. 8, No. 2, pp. 377-384, 
1972.  
55. ????, ????, "???????????????????????
?", ?????????, Vol. 32, No. 237, pp. 709-717, 1966. 
56. H. G. Georgiadis, "Dynamic Stress Concentration Around a Hole in a Viscoelastic 
Plate",Acta Mechanica, Vol. 111, No. 1-2, pp. 1-12, 1995. 
57. ????, "?????????????(?????????????)", 
????????? A?, Vol. 63?No. 616, pp. 2466-2471, 1997. 
58. ????, "??????/??????????", ????????? A
?, Vol. 63, No. 616, pp. 2472-2477, 1997. 
59. ????, ?????, ???, "???????????", ??????
??? A?, Vol. 63, No. 616, pp. 2478-2484, 1997.  
60. MSC. Marc 2005, VolA-Z, MSC.Software Co., p.5, 2004.  
61. ????, ???, "???????????????????", ????
???, p. 187, 2010. 
62. ????, ?????, "??????????????????????
136 
 
", ??, Vol. 33, No. 370, pp. 801-807, 1984.  
63. M. L. Williams, R.F. Landel, and J.D. Ferry, "The Temperature Dependence of 
Relaxation Mechanisms in Amorphous Polymers and Other Glass-forming 
Liquids", Journal of the American Chemical Society, Vol. 77, pp. 3701-3707, 
1955. 
64. ????, "?????????????????(FRTP)", ?????, Vol. 
40, No. 11 pp. 639-646, 1984. 
65. S. C. Tjong, S. A. Xu, R. K. Y. Li and Y. W. Mai, "Preparation and performance 
characteristics of short glass fiber / maleated styrene-ethylene-butylene-styrene / 
polypropylene hybrid composites", J. Appl. Polym. Sci., Vol. 86, pp. 1303-1311, 
2002. 
66. Masaya Okamoto, "Impact Resistance of Fibrous Glass Reinforced Plastics Using 
Polycarbonate-Polydimethylsiloxane Block Copolymer", J. Appl. Polym. Sci., 
Vol. 86, pp. 1123–1127, 2002.  
67. H. Tada, Paul C. Paris, and George R. Irwin, "The Stress Analysis of Cracks 
Handbook", ASME Press, p.41, 2000.  
 
  
137 
 
?? 
?????????????????????????????????
?????????????????????? ????????? ??
???????????????????,??????????????
??????????????????????????????????
????????? ??????????????????????? ?
??????????????????????????????????
?????????????????????????????????
??? ????????????????????? 
?????????????????????????????????
?? ???????????????????????????????
?????????????. 
????????????????????????????????
???????????? ??????????????????. 
????????????????????????????????
?????? ????????????????? ??????????
????????????????????. 
???????????????????????????????? 
??????????????????????????????????
???.??????????????????????????????
?? ?????? ????????????????????????
138 
 
????? 
?????????????????????????????????
???????????????????? 
2014? 2? 
???? 
 
